BACKGROUND AND PURPOSE: Susceptibility-weighted (SW) MR imaging has enabled noninvasive visualization of the cerebral veins and has shed light on the nature of venous architecture. For successful surgery of the third ventricle, understanding of the anatomy of the subependymal veins of the lateral ventricle and their relationships to the foramen of Monro is required preoperatively. The purpose of this study was to evaluate the anatomic variations of the subependymal veins around the third ventricle by use of phase-sensitive imaging (PSI) on the basis of principles similar to those of SW MR imaging.
S
usceptibility-weighted (SW) MR imaging is a 3D gradientecho imaging technique based on the blood oxygen leveldependent (BOLD)-induced phase effects between venous blood and the surrounding brain parenchyma. 1, 2 The technique of SW MR imaging for visualization of the venous system is based on the BOLD effect, which exploits the fact that paramagnetic deoxyhemoglobin causes a local magnetic field inhomogeneity, resulting in both a reduction of T2* and a phase difference between the venous vessel and its surroundings. Thus, SW MR imaging enables noninvasive visualization of the cerebral veins and has shed light on the nature of venous architecture [3] [4] [5] and cerebral venous malformations. [6] [7] [8] Currently, SW MR imaging is used mainly to investigate brain parenchymal lesions such as multiple sclerosis, 9 small hemorrhage, 10 and tumors. [6] [7] [8] Cerebral angiography initially played the dominant role in the evaluation of cerebral venous anatomy in patients with brain tumors, but its role is now greatly reduced following advances in tomographic imaging. In surgery of the third ventricle, however, successful surgery necessitates understanding of the anatomy of the subependymal veins of the lateral ventricle and their relationships to the foramen of Monro preoperatively. 11 Therefore, radiologists should be familiar with the cerebral venous anatomy in the region of the third ventricle and have an appreciation of the venous variations in this area.
Phase-sensitive imaging (PSI), on the basis of principles similar to those of SW MR imaging, is obtained by multiplication of the phase and magnitude images by use of Windowsbased software. 12 In this study, we demonstrate cerebral venous variations in the region of the third ventricle on PSI.
Materials and Methods

Patient Population
Included in this retrospective study were 734 sides in 367 consecutive patients who underwent MR imaging examinations including PSI at our institution between November 2007 and October 2008. PSI images of the brain were obtained for screening of headache or evaluation of hemorrhage, infarction, brain tumor, or degenerative diseases. We excluded 46 sides in 23 patients because the third ventricular area was not included on PSI. Sixteen sides in 8 patients were excluded because of motion artifacts or susceptibility artifacts because of the nasal sinuses or dental prostheses. In addition, 30 sides in 15 patients were excluded because their images could not be evaluated due to susceptibility artifacts caused by an intraventricular or basal ganglion hemorrhage around the third ventricle. A total of 642 sides in 321 consecutive patients (age range, 0 -90 years; mean age, 58 years) who underwent PSI on a 3T MR imaging system were enrolled in the study. However, there were no cases of a third ventricular lesion in the present study. The Institutional Review Board approved our study, which did not require informed consent.
MR Imaging Technique
We obtained all brain MR imaging with a 3T MR system (Signa Excite HD; GE Healthcare, Milwaukee, Wisconsin) using an 8-channel high-resolution brain phased array coil (Invivo Corp., Gainesville, Florida).
We acquired PSI with a 3D echo-spoiled gradient-echo sequence with flow compensation using the following imaging parameters: TR, 45 ms; TE, 30 ms; FA, 20°; FOV, 21 cm; matrix, 512 ϫ 192; section thickness, 1.5 mm; acquisition time, 7 min 40 to 50 s. All images were obtained in the axial plane. We postprocessed the phase-sensitive images using a high-pass filter and then converted the images into negative phase masks that were multiplied 4 times into the corresponding magnitude images using research software (PSIRecon; GE Yokogawa Medical Systems, Tokyo, Japan). We used a minimal-intensity projection (PSI) to display the processed data and contiguous 10.5-mm-thick sections with 7-mm overlap in the transverse plane (Advantage workstation version 4.1; GE Healthcare).
Evaluation of the Venous Anatomy in the Region of the Third Ventricle
Two experienced neuroradiologists consensually assessed each side with regard to venous variation on PSI. The reviewers identified the anterior septal vein (ASV) and thalamostriate vein (TSV) as running the following courses. The ASV initially runs posteromedially on the anterior wall of the frontal horn and behind the genu of the corpus callosum. When it reaches the anteromedial corner of the frontal horn, it runs backwards along the septum pellucidum and continues backward along its lower border. It then follows the lateral border of the anterior column of the fornix, generally joining the internal cerebral vein (ICV) at the posterosuperior margin of the foramen of Monro. 13 The TSV begins in the region of the anterior wall of the atrium or in the inferolateral wall of the body of the lateral ventricle, in the linea terminalis. It passes anteriorly and medially, beneath the stria terminalis, receiving several transverse caudate veins into which the longitudinal caudate veins drain, on its way toward the foramen of Monro. At the level of the foramen of Monro, the TSV runs around the anterior tubercle of the thalamus and receives the vein from the head of the caudate nucleus. It then passes medially, generally joining the ICV at the posterosuperior margin of the foramen of Monro. 13 The characteristic U-shaped junction of the TSV and ICV adjacent to the posterior margin of the foramen of Monro is referred to as the venous angle (Fig 1) . When the junction of the TSV and ICV lies beyond the posterior margin of the foramen of Monro, this variation is referred to as the false venous angle (Fig 1) . We classified these into 4 types on the basis of their relationship with the ASV-ICV junction and the presence of a venous angle or a false venous angle, according to the method used in a previous study (Fig 2) .
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The 4 types were classified as follows:
• Type IA: ASV-ICV junction was located at the venous angle, which lies adjacent to the posterior margin of the foramen of Monro. In the other types, the ASV-ICV junction was located beyond the posterior margin of the foramen of Monro, in 3 different locations. • Type IB: the ASV joined the mainstem of the ICV posteriorly beyond both the foramen of Monro and the venous angle.
• Type IIA: the ASV joined the false venous angle, which lies beyond the foramen of Monro.
• Type IIB: the ASV joined the mainstem of the ICV far beyond both the foramen of Monro and the false venous angle. We classified any other venous variations as type III. Figure 3 shows representative cases of the 4 types of cerebral venous variation in the region of the third ventricle. Data regarding the types of cerebral venous variation in the region of the third ventricle are summarized in the accompanying Table.
Results
In only 1 case of type III, the ASV joined the medial atrial vein (Fig 3) . In 519 (80.9%) of 642 sides, the venous angle (TSV joins the ICV at the margin of the foramen of Monro) was formed. In 123 (19.1%) of 642 sides, a false venous angle was formed (Table; Fig 3) .
In 407 (63.4%) of 642 sides, the ASV-ICV junction was located at the venous angle (type IA). In 235 (36.6%) of 642 sides, the ASV-ICV junction was located posteriorly, beyond the foramen of Monro (types IB, IIA, IIB, and III) (Fig 3) .
Discussion
Surgery in the region of the third ventricle poses a considerable challenge, even for experienced neurosurgeons. The numerous publications describing various surgical approaches attest to the difficulties encountered when exploring this area.
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With use of the transcortical-transventricular and the anterior transcallosal approaches, access is gained to the anterior and middle portions of the third ventricle. The anterior transcallosal approach usually provides a direct and adequate pathway to the lateral ventricles, where the foramen of Monro serves as a natural entrance into the anterior and middle portions of the third ventricle, particularly when the foramen is dilated by tumor tissue. When the foramen of Monro is not dilated by a tumor, however, access to the midsuperior portion of the third ventricle is limited. The location of the ASV-ICV junction relative to the foramen of Monro is the key to this exposure. When the ASV-ICV junction is located posteriorly, beyond the foramen of Monro, the transforaminal exposure can be adapted. The foramen of Monro, ipsilateral to the more posteriorly located ASV-ICV junction, can be enlarged along the choroidal fissure as far as the junction to provide a wide access to the third ventricle. 11 In our study, PSI demonstrated cerebral venous variations in the region of the third ventricle. Therefore, PSI may play an important role in the preoperative planning for lesions located around the third ventricle.
Various studies describe the deep venous system of the brain and venous variations in the region of the foramen of Monro.
14-24 On cerebral angiography, the incidence of a false venous angle is reported to vary between 14% and 26%. [16] [17] [18] [20] [21] [22] In our study, we observed the presence of a false venous angle in 19.1% of sides, which is within the range reported for angiography.
According to an anatomic study, 11 the frequency of a false venous angle (beyond the foramen of Monro) was 32.5%, and the posterior location of the ASV-ICV junction was 47.5%. The frequencies reported in the present study are low compared with this anatomic study. The reason for this discrepancy is not clear but may relate to the small population (40 hemispheres) in the anatomic study and the cases in the present PSI study for which accurate assessment was difficult because of the very short distance between the venous junction and the foramen of Monro.
MR venography is used in the evaluation of the venous anatomy 24 ; however, we believe that SW MR imaging, including PSI, should be obtained for evaluation of the deep cerebral venous anatomy because it can depict the cerebral vein with high resolution, [3] [4] [5] and it enables evaluation of brain parenchymal lesions, particularly a small hemorrhage. 10 Therefore, we consider PSI to be a useful MR imaging technique that could be added to imaging protocols.
There were some limitations in our study. First, the potential existed for artifacts in PSI. Application of this imaging method may be difficult in areas with B 0 inhomogeneity, restricting its use to anatomic brain regions free of large static field inhomogeneities caused by susceptibility differences, such as regions near the paranasal sinuses and skull base. 5 Susceptibility artifacts because of hemorrhage are naturally stronger on PSI than that for other imaging sequences. Therefore, some patients were excluded from our study, but the proportion was low.
Second, the sequence parameters were optimized for evaluation of intraparenchymal lesions rather than for visualization of veins. Although we could evaluate the veins in most cases, further examination may be needed.
Third, surgical confirmation was not performed because third ventricular lesions were not included because of the absence of such a case. A prospective study is necessary for sideby-side comparison of the MR imaging results with the surgical findings.
Conclusions
PSI is useful for gaining an understanding of normal variations of the subependymal veins in the region of the third ventricle. PSI may play an important role in the preoperative planning of lesions in the third ventricle. 
Frequency of each type of cerebral venous variation in the region of the third ventricle
